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DEPARTMENT~

ABSTRACT

We studied the adaptive significance of nest abandonment and re-nesting
in the Blue-gray Gnatcatcher (Polioptila caerulea) in east-central Illinois from
1995 through 1997. This Neotropical migrant is widely distributed and highly
persistent in re-nesting following nest abandonment. Nest abandonment may be
a response to brood parasitism, predation or other nest disturbances. We
studied the nesting behavior of gnatcatchers and investigated the cues which
may elicit nest abandonment. We monitored 57 pairs of gnatcatchers which built
a total of 98 nests. Twenty pairs successfully fledged a total of 63 young and
overall nest success was only 8.5%. Daily mortality rates for these 98 nests
showed a marked peak during the egg-laying stage and were 2.5 - 9 x greater
than at other stages (P<0.05). Of the 98 nests, we could directly observe 36
(the others were only observed from the ground with binoculars); 56% of these
were parasitized. Of the parasitized nests, 80% were abandoned either during
the egg-laying stage or the first three days of incubation whereas only 6% of the
unparasitized nests were abandoned during these stages (P<0.001 ). Nest
success for parasitized nests (0%) was significantly lower than unparasitized
nests (61.1 %) (P=0.001 ). Predation accounted for 19% of the nest failures and
was relatively uncommon compared to parasitism. Our data did not indicate any
marked differences in habitat characteristics between parasitized and
unparasitized nests, however, unparasitized nests did tend to be located further
from the trunk of the nest tree than parasitized nests (P=0.066). In addition, nest
height, distance of the nest from the trunk of the tree and distance of the nest
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from a habitat edge were significantly greater for successful nests than
unsuccessful nests (P<0.05). Pairs which re-nested after being parasitized
moved farther than pairs which re-nested for other reasons (P=0.034).
Gnatcatchers in east-central Illinois typically respond to parasitism by nest
abandonment during the egg-laying stage and the first 3 days of incubation to
increase the time and energy needed to re-nest and terminate a nest that would
ultimately fledge only cowbirds. In addition, the abandonment rate for parasitized
nests (80%) in east-central Illinois was significantly higher than the rate in a New
Mexico population of gnatcatchers (45%) (Goguen and Matthews 1996). This
regional difference may exist because gnatcatchers in Illinois have been
sympatric with cowbirds for longer than those in New Mexico.
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INTRODUCTION

The Blue-gray Gnatcatcher (Polioptila caerulea) is a Neotropical migrant
whose population has increased and whose range has expanded northward for
the past 25 years (Ellison 1992). In addition, gnatcatchers are known to be
extremely persistent in re-nesting following nest abandonment (Root 1969,
Goguen and Matthews 1996). Up to six re-nesting attempts have been recorded
in a single season (Root 1969). Gnatcatchers prefer nesting in wooded habitats,
often near forest-field edges (Root 1969, Ellison 1991, 1992). These ecotones
are primarily the result of human-induced fragmentation over much of eastern
North America (Friedmann 1929, Mayfield 1965). The smaller, more isolated
forest fragments that exist today have abundant forest-field edges and
populations of many forest songbirds which require large continuous of forests
for successful breeding are declining (Ambuel and Temple 1982, 1983, Mayfield
1965, Robbins 1979, Whitcomb et al. 1981 ). Some have speculated that small
patches of forest are either unsuitable habitat or suboptimal habitat for area
sensitive species which include many warblers (Parulinae), vireos (Vireonidae),
flycatchers (Tyrannidae), tanagers (Thraupinae) and thrushes (Turdinae) (Bond
1957, Mayfield 1965, Robbins 1979, Whitcomb et al. 1981, Ambuel and Temple
1982, 1983).
Forest fragmentation and land clearing for agriculture have provided
opportunities for the population increase and range expansion of Brown-headed
Cowbirds (Molothrus ater) to areas where they were formerly absent (Friedmann
1929, 1963, Mayfield 1965, Ricklefs 1969). Cowbirds are obligate brood

parasites that lay their eggs in the nests of other species and depend on the
hosts to incubate their eggs and care for their young (Ortega et al. 1994). Forest
fragments have favored cowbirds because they prefer to forage in open
agricultural fields, but often parasitize forest-nesting species (Mark and
Stutchbury 1994). Cowbirds are known to parasitize 220 avian species and their
young have been successfully reared by 139 of these species (Preston 1948,
Mayfield 1965, Friedmann et al. 1977, Friedmann and Kiff 1985). Brood
parasitism typically reduces the reproductive success of hosts which accept
cowbird eggs (Mayfield 1977, Payne 1977). Like other forest-nesting species,
Blue-gray Gnatcatchers are common hosts of the Brown-headed Cowbird and,
when parasitized, rarely fledge any of their own young due to high nestling
competition (Root 1969, Ellison 1991, 1992). Although it is likely that cowbird
parasitism is not the only cause of population declines of forest songbirds, there
is strong evidence suggesting that brood parasitism probably plays a major role
for several species (Mayfield 1965, Robbins 1979, Whitcomb et al. 1981, Ambuel
and Temple 1982,1983).
Historically, forest-nesting songbirds have been ecologically protected
from brood parasites because cowbird numbers drastically decrease as distance
from the forest edge increases (Brittingham and Temple 1983). Therefore, many
species of forest-nesting Neotropical migrants have not evolved with cowbirds
and have no anti-parasite defenses (Rothstein 1975a). However, species which
have been sympatric with cowbirds may display several defenses against
parasitism (Briske et al. 1992, Mark and Stutchbury 1994). Because
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gnatcatchers have been sympatric with cowbirds in east-central Illinois and their
populations have increased, this suggests that they may have developed a
strategy which minimizes the frequency and/or impact of brood parasitism
(Rothstein 1975b, May and Robinson 1985). Although Blue-gray Gnatcatchers
are aggressive towards cowbirds (Ellison 1991), this behavior is probably not
effective in deterring the much larger cowbirds from parasitizing their nests (Mark
and Stutchbury 1994, Scott 1977, Prescott 1947). Cowbird egg ejection has not
been documented for gnatcatchers and is unlikely due to their small mandible
size (Spaw and Rohwer 1987). Furthermore, cowbird eggs have uniquely thick
eggshells that are difficult to puncture. Therefore, gnatcatchers which attempt
this may damage their own eggs in the process (Picman 1989, R0skaft et al.
1993). Regardless of host size, species which are heavily parasitized, should
have high selection pressure to evolve anti-parasite adaptations (Mayfield 1977,
Burgham and Picman 1989). Therefore, nest abandonment and subsequent renesting may be the best strategy for a small passerine like the Blue-gray
Gnatcatcher.
If nest abandonment is indeed a response to cowbird parasitism, we
would expect the hosts to abandon during egg-laying and early incubation when
the nest is typically parasitized in order to maximize the time and energy
available for re-nesting (Burgham and Picman 1989). Goguen and Matthews
(1996) documented that nest desertion rates (45%) were significantly higher in
gnatcatcher nests which were parasitized during the egg-laying stage,
suggesting that this may be an anti-parasite adaptation. However, because nest

3

abandonment is costly, it should only be done if the benefits (increased
reproductive success) outweigh the costs (increased nestling competition or lost
time and energy due to re-nesting) (Burgham and Picman 1989). Evidence has
shown that Cedar Waxwings (Bombycil/a cedrorum) and Yellow Warblers
(Dendroica petechia) will reject cowbird eggs by abandoning their nests if

chances of successful re-nesting are high (Rothstein 1976, Burgham and
Picman 1989). For the Blue-gray Gnatcatcher, nest abandonment would seem
to be adaptive because parasitized nests of this species usually fledge only
cowbirds. Goguen and Matthews (1996) did document one pair which fledged
both gnatcatcher and cowbird young, however, this nest was parasitized
unusually late (on the fifth day of incubation); giving the pair a "head start" in
incubating and brooding their own young. As a result, the gnatcatcher young
hatched five days before the cowbird (Goguen and Matthews 1996).
I hypothesize that the costs of nest abandonment are significantly less
than the costs of fledging a cowbird for the gnatcatcher if the host is in the egglaying or early incubation stage. Furthermore, nest abandonment should be
performed during egg-laying or early incubation stages to increase the probability
of successfully re-nesting. The purpose of this study was to analyze re-nesting
behavior following nest abandonment and determine how gnatcatchers respond
to parasitism, predation and other disturbances. The specific objectives were:
(1) to determine the frequency with which gnatcatchers re-nest following nest
abandonment; (2) to determine the nesting stage at which gnatcatchers
abandon; (3) to determine the rate of brood parasitism of Blue-gray
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Gnatcatchers and if parasitism is a major factor causing nest abandonment in
east-central Illinois; (4) to determine if brood parasitism has a significant adverse
effect on the reproductive success of Blue-gray Gnatcatchers; (5) to determine if
habitat characteristics differ between parasitized and unparasitized nests,
successful and unsuccessful nests and between first and re-nesting attempts
and (6) to compare our parasitism and nest abandonment rates with those of
Goguen and Matthews (1996) to determine if regional variation exists in this
phenomenon.

5

METHODS

Study species
Blue-gray Gnatcatchers are very small (5-7 g) Neotropical migrants which
feed exclusively on arthropods (Root 1967). They inhabit a broad range of
wooded habitats including shrublands and mature forest (Ellison 1991 ). In
Illinois, this species generally prefers the edges of temperate deciduous forests
and inhabits scrub, woodlands and mesic forests elsewhere (Nolan 1963, Goss
1991 ). It is the most widespread member of its genus in North America and its
breeding range consists of most of the continental U.S. (absent from nearly all of
WA, OR, ID, MT, WY, ND and SD) and extends southward to Guatemala. Both
sexes cooperate to build a small, cup-shaped nest supported by spider webbing
and covered with lichens (Root 1969, Ellison 1992). Nest height varies from
0.9 m to 24.4 m and nests are typically located well out on side limbs, usually in
well-vegetated trees (Weston 1949, Root 1969). Females lay 3-5 small, grayishwhite eggs covered with small brown spots which both sexes incubate for 12-15
days. Females do most of the brooding, while males commonly bring food to the
nest The nestling period generally lasts for an average of 13 days until the
young leave the nest (Ellison 1991, 1992). Gnatcatchers are often doublebrooded (Root 1969) and the breeding season in Illinois lasts from mid-April to
late August. Studies have shown that gnatcatchers often re-nest multiple times
in a season and reuse nest material from former nests (Root 1969, Ellison
1991, 1992). Nest predators include Blue Jays (Cyanocitta cristata), rat snakes
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(Elaphe spp.), American Crows (Corvus brachyrhynchos), Common Grackles
(Quiscalus quiscula) and raccoons (Procyon lotor) (Ellison 1992).

Study area
This study was conducted from mid-April to August 1995-1997 in eastcentral Illinois primarily at Fox Ridge State Park and Lakeview Park in Coles
County, Illinois. Fox Ridge has an area of about 366 hectares and Lakeview has
an area of about 30 hectares. Both areas are surrounded by agricultural fields
and urban areas and have abundant habitat edges created by roads, trails, open
recreational areas, a lake and small rivers. Both areas are dominated by oaks

(Quercus spp.), maples (Acer spp.) and hickories (Carya spp.). The shrub
stratum consists of saplings and seedlings of the dominant tree species as well
as flowering dogwood (Camus florida), redbud (Cercis canadensis), elm (Ulmus
spp.), white ash (Fraxinus americana), black cherry (Prunus serotina), black
walnut (Jug/ans nigra) and honey locust (Gleditsia triacanthos).

Nest Searches
We searched for gnatcatcher nests between 0600 and 1300; nest building
activities generally occur during these times (Fehon 1955). We located nests by
listening for vocalizing pairs and often followed birds which were either carrying
nest material or were feeding nestlings. Nests were marked by placing red
flagging tape at the base of the nest tree or the closest accessible tree. Nests
were checked every 1-2 days for the presence of eggs using binoculars and,
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where possible, a 12 m mirrored pole. Not all nests were accessible with the
mirrored pole; therefore, only a subset of nests could be looked into directly.
Nests that could not be looked into directly were checked from below with
binoculars. Eight gnatcatchers were mist-netted by using a model of a male
gnatcatcher and playback of territorial song and other gnatcatcher vocalizations.
Birds were banded with USFWS aluminum bands and individually marked by
using non-toxic acrylic paint to mark the rectricies.
Nests were located at various stages due to the high frequency of nest
failure and re-nesting. Any nests that did not fledge gnatcatcher or cowbird
young were considered to have failed. Nests were considered active if the pair
was located at or near the nest and normal nesting activities were occurring
(building, egg-laying, incubation, feeding, nest guarding, etc.). Nests were
considered inactive if the pair was absent from the nest for two or more
consecutive observation days or the pair was present, but the nest was being
dismantled. A nest was successful if at least one gnatcatcher fledged. Nests
which were terminated and dismantled while presumably containing viable eggs
(host and/or cowbird) were considered abandoned. Nests which became
inactive after losing all their contents were considered to have been depreciated.
When possible, we located all subsequent nests of pairs which dismantled and
re-built their former nest. Gnatcatchers frequently reuse material from their first
nests (Root 1969). Therefore, they were easily followed to the new nest site.
Nest success was calculated by using the Mayfield method (Mayfield 1975).
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Vegetation analysis

Eleven habitat characteristics (see Table 5) were compared among
various categories of gnatcatcher nests at Fox Ridge State Park and Lakeview
Park, Coles County, Illinois from 1995 through 1996. Vegetation was not
sampled in 1997. Sampling methods were modified from those of James and
Shugart (1970) and Ellison (1991). A total of 87 plots were sampled (one plot
per nest), with the nest as the center of each plot. Each plot had a radius of 4.0
m with an area of 0.005 ha. Within each plot, one north-south and one eastwest transect were established. Within 1 m of each transect line, we counted
and identified all shrubs. We categorized woody vegetation as either shrubs
(~7.6

cm DBH) or trees

(~7.6

cm DBH). The DBH and species were determined

for all trees within the plot. We visually estimated the leaf density (1-5) within 1
m of each nest and measured its distance from the trunk of the nest tree.
Percent canopy cover and percent ground cover were determined by taking 20
readings per transect (40 readings/plot) using an ocular tube with cross hairs. A
clinometer was used to measure nest height and tree height and a 50 m tape
was used to measure the distance to the nearest gnatcatcher nest and distance
to nearest habitat edge. A habitat edge was defined as any opening in the forest
canopy greater than or equal to 1 hectare. All data were collected during or
shortly after nest monitoring. These data allowed us to determine whether nest
site characteristics differed between first and re-nesting attempts, parasitized
and unparasitized nests and successful and unsuccessful nests.
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Statistical analysis
We used chi-squared tests to compare the number of nests failed for first
and re-nest attempts for all 98 nests located from 1995 through 1997. We used
the methods of Johnson (1979) to compare daily mortality rates of nests at
various stages. Only nests which were looked into and the contents were known
were used in the statistical comparisons of parasitized, unparasitized and
depreciated nests. Fisher's exact tests were used to compare the frequency of
abandonment between parasitized and unparasitized nests and were also used
to compare the frequency of parasitized, depreciated and successful nests
between first and re-nesting attempts. Mann-Whitney LI-tests were used to
compare nest success between parasitized and unparasitized nests and
between first and re-nesting attempts. Nesting was separated into nest building,
egg-laying, early incubation (days 1-3), later incubation (days 4-15) and nestling
stages for statistical comparisons of daily mortality.
The habitat variables we chose to compare among nests were 1) nest
height, 2) tree height, 3) DBH of nest tree, 4) leaf density within 1 m of the nest,
5) percent canopy cover, 6) percent ground cover, 7) shrub density, 8) tree
density, 9) distance of nest from trunk, 10) distance of the nest to nearest habitat
edge and 11) basal area of trees in the plot. Paired and two-sample t-tests were
used to compare the means of habitat variables between parasitized and
unparasitized nests, successful and unsuccessful nests and first, second and
third nesting attempts for each pair. Two-tailed tests were used for all analyses
except when we had a priori expectations (e.g. we expected successful nests to
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be higher, further from the trunk and habitat edge, and to be located in denser
leaves).
We determined the dominance of various tree species within the plots by
calculating frequency, relative frequency, basal area and the number of plots
where each species occurred. The nest trees selected at each site were then
compared against random expectations based on basal areas using chi-squared
contingency analysis.
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RESULTS

Overall nest success
We monitored 57 pairs of Blue-gray Gnatcatchers which built a total of 98
nests from 1995 through 1997. Of the 98 nests, 57 (58%) were first nests and
41 (42%) were re-nests (Table 1). Twenty pairs of gnatcatchers (35% of those
monitored) fledged a total of 63 young. Nest success was significantly lower for
re-nests (2.2%) than for first nests (15.8%). Fifty-three young (0.93
gnatcatchers/nest) were fledged during first nesting attempts and 10 young (0.24
gnatcatchers/nest) were fledged during re-nesting attempts (Mann-Whitney Utest, P=0.011). Seventy-five of 98 nests (77%) failed; the proportion of nests
which failed did not differ between first and re-nesting attempts (Table 1). Daily
mortality rates(= daily nest failure rates) for these stages ranged from 2.3% to
19.2% and were significantly higher during the egg-laying stage than any other
stage (P<0.05) (Fig. 1). Total nest success for the 98 gnatcatcher nests was
only 8.5% (Mayfield 1975).

Frequency of parasitism
We were able to look into 36 of 98 nests by using binoculars and a
mirrored pole. We used only these nests for statistical comparisons of
parasitized and unparasitized nests. Twenty (56%) of these 36 nests were
parasitized by Brown-headed Cowbirds while the remaining 16 nests showed no
signs of parasitism (Table 2). Of the 20 nests which were parasitized, 16 (80%)
were abandoned during the egg-laying and early incubation whereas only 1 (6%)
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of the 16 nests which were unparasitized was abandoned (Fisher's exact test,
P<0.001 ). This nest was located on the second or third day of nest building and
was never completed and did not contain host or cowbird eggs. It was
dismantled and a re-nest was attempted about 10 m away. The remaining 15
nests which were unparasitized were either depreciated (14%) or successful
(28%) (Table 3). Twenty-two (61 %) of these 36 nests failed during various
nesting stages. The parasitized nests had significantly higher mortality rates
during the egg-laying stage (24%) and the first 3 days of incubation (18%) than
the unparasitized nests (1-3%) (P<0.05) (Fig. 2).
Parasitism was significantly higher for re-nests (89%) than for first nests
(44%) (Fisher's exact test, P=0.026) (Table 3). During the initial nest attempts, 5
(19%) nests were depreciated. However, predation did not differ significantly
between first and re-nesting attempts for this subset of nests (i.e., the 36 nests)
(Fisher's exact test, P=0.302). These nests were dismantled and in most cases
re-built in different locations.
Ten (28%) of the thirty-six nests we looked into were successful. Nine
nests fledged as a result of a first nest and only 1 nest fledged as a result of a renest, however, the number of nests which were successful did not differ
significantly between first and re-nesting attempts among this sample (Fisher's
exact test, P=0.392) (Table 3). The average number of gnatcatchers
fledged/successful nest in unparasitized nests was 3.2 and 3.0 for the first and
second nests respectively (Table 4). A total of 32 gnatcatchers were fledged
from 10 of 16 nests which were not parasitized. The average number of
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gnatcatchers fledged for unparasitized nests (x=3.2) was significantly higher than
for parasitized nests (x=O) (Mann-Whitney U-test, P=0.001) (Table 4). Nests
which were parasitized did not fledge any gnatcatchers, however, 4 nests
fledged cowbirds (Table 4). Nest success for the 36 gnatcatcher nests we
looked into was 24.0% (Mayfield 1975).

Vegetation Analysis
One-tailed t-tests indicated that successful nests were higher off the
ground than unsuccessful nests (9.7 m vs. 15.1 m; t=2.264, df=23, P=0.016)
(Table 5). In addition, successful nests were further from the tree trunk (t=3.278,
df=23, P=0.002) than unsuccessful nests and further from a habitat edge
(t=1.688, df=23, P=0.047). All other habitat characteristics did not differ
significantly between successful and unsuccessful nests (P>0.10).
Although nest height, percent canopy cover, leaf density, tree density,
distance from trunk and basal area were greater for unparasitized nests,
differences between parasitized and unparasitized nests were not significant
(df=23, P>0.05) (Table 6). However, a one-tailed t-test indicated that
unparasitized nests tended to be further from the tree trunk than parasitized
nests (t=1.560, df=23, P=0.066).
Mean habitat characteristics also did not differ significantly between a
gnatcatcher pair's first and second nesting attempts. However, a one-tailed test
indicated some tendency for second attempts to be higher off the ground than
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first attempts (paired t=1.687, df=23, P=0.052) (Table 7). Differences were not
significant for other characteristics between first and re-nests.
The most abundant tree species found at both sites was white oak

(Quercus alba) (Table 8 & 9). It dominated the plots with an estimated basal
area of 1110.6 cm 2/ha at Fox Ridge State Park and 1107.1 cm 2/ha at Lakeview
Park. Other common species included sugar maple (Acer saccharum),
chinkapin oak (Quercus muehlenbergi1) and black walnut (Jug/ans nigra). White
oaks (Quercus alba) and sugar maples (Acer saccharum) constituted 57% of the
tree species used by nesting gnatcatchers, however, no significant differences
between observed number of nest tree species selected and the expected
number selected based on random choice were found at either Fox Ridge State
Park (x2=9.49, df=5, P=0.091) or Lakeview Park (x2=1.02, df=1, P=0.311) (Table
10). The average distance moved by gnatcatchers which re-nested after being
parasitized (x=51.4 m) was significantly greater than those which were not
parasitized (x=34.3 m; t=1.884, df=38, P=0.034). Finally, based on observations
of the birds we color-marked, the birds which dismantled nests in order to rebuild them elsewhere were the "owners" of the previous nest. Therefore, no
pirating of nest material was detected.
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DISCUSSION
Nest abandonment as a response to parasitism

Many forest-nesting species suffer reduced nest success when
parasitized by Brown-headed Cowbirds due to egg removal, reduced egg
hatchability and increased nestling competition (Rothstein 1975a, 1976, Graham
1988, Burgham and Picman 1989). Rejection behavior has no adaptive value for
species which are rarely (if ever) parasitized. However, species which are
subjected to high frequencies of parasitism would be expected to evolve some
form of rejection behavior (Rothstein 1975a,b). Most avian species can be
categorized as either one that usually accepts cowbird eggs ("accepter species")
or one that usually rejects cowbird eggs ("rejecter species") (Rothstein 1975a,b).
In order for a species to become a rejecter, it must be frequently parasitized
resulting in a significant reduction in reproductive success and be genetically
capable of evolving an adaptive rejection behavior (Rothstein 1975b).
Because 56% of our gnatcatcher nests were parasitized and nest success
was virtually zero for parasitized nests, selection pressure should be high to
evolve some type of anti-parasite strategy. Nest abandonment rates were much
higher for parasitized nests (80%) than unparasitized nests (6%) suggesting that
nest abandonment may be the Blue-gray Gnatcatcher's strategy for decreasing
the impact of brood parasitism. In addition, we did not observe gnatcatchers
using other anti-parasite strategies such as increased nest guarding, increased
aggression towards cowbirds or egg ejection and presume that these are all
unlikely strategies due to their small size relative to a cowbird (Spaw and Rohwer

16

1987, Rohwer et al 1989, Graham 1988, Rothstein 1990). Certainly, all species
known to eject cowbird eggs are significantly larger than gnatcatchers. Burial of
a cowbird egg under a new nest lining may be used less frequently when the
nest is parasitized before nest completion (Goguen and Matthews 1996),
however, hosts are usually parasitized during the egg-laying stage. Burial of a
cowbird egg under a new lining was not documented in this population perhaps
because all of our pairs were parasitized during the egg-laying stage.
Therefore, nest abandonment may be the only reasonable strategy to decrease
the effects of parasitism considering the organism's size and behavior
(Rothstein 1982).
This type of behavior has recently been documented in Blue-gray
Gnatcatchers in a New Mexico population (Goguen and Matthews 1996). The
rate of parasitism in New Mexico (76%) was significantly higher than our
population (56%) (Fisher's exact test, P=0.032). Surprisingly, however, the rate
of nest abandonment in response to parasitism in the New Mexico population
(45%) was lower than the rate of nest abandonment in our population (80%)
(Fisher's exact test, P=0.003). These differences were unexpected, however,
the rejection rate of the New Mexico population may be significantly lower due to
historical geographic variation in cowbird populations. Gnatcatchers in New
Mexico may not have been sympatric with cowbirds for as long as those in eastcentral Illinois (Friedmann 1929, Mayfield 1965). Thus, gnatcatchers in Illinois
may have had longer to evolve rejection behaviors. Rothstein (1975b)
suggested that hosts which experience high frequencies of parasitism and
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evolve a strong rejection response (as perhaps occurred in Illinois) may
decrease the frequency with which cowbirds parasitize them leading to the lower
parasitism rate we recorded in Illinois. Alternatively, the higher parasitism rate in
New Mexico may simply be a recent phenomenon induced by anthropogenic
habitat changes. Regardless, both populations of gnatcatchers need to be
studied for longer periods of time to determine if rejection behavior is an evolved
defense against parasitism, predation or some other nest disturbance. It would
also be interesting to look at gnatcatcher populations from other areas to
determine if any geographic patterns exist in nest abandonment in response to
parasitism.
Nest abandonment is the most costly type of rejection behavior because
of the lost time and energy which was invested in their initial nest and clutch
(Rothstein 1975a). Therefore, we would predict nest abandonment to occur
during egg-laying and early incubation in order to maximize the time and energy
available to re-nest (Burgham and Picman 1989). Our data supported this
prediction because a significantly higher number of nests (73%) failed and were
abandoned during egg-laying and early incubation (days 1-3) than any other
stage. Nests which failed during nest building, later incubation (days 4-15) and
the nestling stage presumably failed due to predation of eggs or young or other
disturbances occurring before nest completion.
Because parasitized nests did not fledge gnatcatchers, we would expect
gnatcatchers to abandon nests as long as they have a chance of gaining
reproductive success by re-nesting. Therefore, the decision to re-nest should be
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based on future benefits and not past investment in a clutch and nest (Sargent
and Gross 1985). Number of gnatcatchers fledged/successful nest was
significantly higher for first nests than for re-nests. However, they should re-nest
if they still have some chance of gaining reproductive success since they have
no chance of success in the initial nest once it has been parasitized.
Furthermore, gnatcatchers presumably choose the most optimal habitat to build
their first nest. If that nest fails due to parasitism, predation or other disturbance,
then any other location chosen to re-nest may be less optimal decreasing the
success rate of re-nests. These considerations may explain why re-nesting
success was lower than for first nests. Nevertheless, nest abandonment
appears to be a rejection behavior which is an adaptive strategy if gnatcatchers
must choose between fledging only a cowbird (gaining zero nest success) or
having a chance of fledging their own young.

Nest abandonment as a response to other types of nest disturbance
Although predation is one of the most important selection pressures
determining the reproductive strategies of organisms (Wittenberger 1981),
predation was much less frequent (14%) than parasitism (56%) in this
population. Therefore, if these patterns have existed over time, we would expect
that parasitism has had a greater effect on the evolution of the reproductive
strategies of Blue-gray Gnatcatchers in east-central Illinois. Rothstein (1975a)
suggested that nests may also be deserted in response to human disturbance,
however, both parasitized and unparasitized nests were visited equally often. In
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addition, Root (1969) suggested that gnatcatchers may abandon in response to
ectoparasites, however, we did not investigate nest material of abandoned nests
for ectoparasites.

Variation in rejection behavior for gnatcatchers

Ejection of a cowbird egg is the most common and efficient anti-parasite
adaptation, however, this strategy may be limited to hosts which are large
enough to grasp the cowbird egg in their mandibles or strong enough to puncture
its thick shell (Burgham and Picman 1989). Therefore, larger species which are
heavily parasitized would be expected to evolve rejection behavior in the form of
egg ejection. Once the genetic variation for this behavior exists in a population it
should quickly reach fixation due to its large fitness pay-off (Rothstein 1975b).
The only energy lost for ejecters would be that which is used to carry the cowbird
egg away from the nest and perhaps the energy lost from having one of its eggs
removed by the female cowbird at the time of parasitism (Rothstein 1975a).
Because the benefits of re-nesting following nest abandonment may not be as
great as for egg ejecters, we would expect the time needed to evolve nest
abandonment as a rejection behavior to be much longer (Rothstein 1975b). This
may explain the variation in rejection response in the Blue-gray Gnatcatcher.
Twenty percent of our gnatcatcher nests which were parasitized did not
abandon, therefore this may be an indication that gnatcatchers are in transition
from becoming an accepter to a rejecter. Furthermore, Goguen and Matthews
(1996) documented 55% of gnatcatcher pairs in New Mexico which did not
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abandon. This supports our prediction that the New Mexico population of
gnatcatchers has had a shorter history of cowbird parasitism than our population
in Illinois, which may be further along in the transition from accepter to rejecter.

Habitat characteristics for nest sites
Since nest predators were responsible for some nest failures, it is
reasonable to expect that predators such as rat snakes (Elaphe spp.), raccoons
(Procyon lotorj, chipmunks (Tamias striatus) and Corvids would be less likely to
depredate nests which were located higher in a tree and further out on a limb
making them less accessible. Our data are consistent with these predictions
because nest height and distance from trunk were significantly greater for
successful nests. Many predators and cowbirds are known to reach high
densities near habitat edges. Therefore, we would expect gnatcatchers which
nested further from a habitat edge to be depredated and parasitized less than
those which nested closer to a habitat edge. Our data provide some support for
this prediction because successful nests were further from habitat edges than
unsuccessful nests (although results comparing parasitized and unparasitized
nests were not statistically significant). Tree height, DBH, percent canopy cover,
leaf density near the nest, tree density, distance from trunk and basal area also
increased for successful nests, however, differences were not significant.
Our results did not indicate any major variation in habitat characteristics
between parasitized and unparasitized nests. This may indicate that
gnatcatchers choose a variety of nest sites and are parasitized at random by
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Brown-headed Cowbirds. However. our sample sizes for parasitized nests
(n=15) and unparasitized nests (n=10) were small so that differences would need
to be substantial to be statistically significant. The strongest pattern we detected
(P=0.07) was that parasitized nests were located further out on a limb where
there are likely to be more leaves. This location may provide greater cover for
nests making them more concealed which may decrease the rate with which
they are parasitized. Cowbirds are typically a grassland species (Mayfield 1965)
which forage and perhaps spend more time looking for hosts which nest nearer
to the ground. Since the Blue-gray Gnatcatcher is considered a canopy species
(Ellison 1991 ), it would seem that gnatcatchers which nest higher in the canopy
would be parasitized less, thus have a greater chance of being successful. We
found this pattern, but it was not statistically significant (P=0.12).
When gnatcatchers re-nest, we presume that the initial nest failed due to
parasitism or predation. Therefore, we would expect gnatcatchers to re-nest
higher in a tree to possibly avoid being parasitized or depredated. Our data
support this prediction because gnatcatcher re-nests were significantly higher.
Tree height, DBH, and distance from trunk did increase between first and
second nest attempts, however, low sample sizes may have made it difficult to
observe significant differences. Because gnatcatchers consistently nested in
White Oaks (Quercus alba) and Sugar Maples (Acer saccharum), we thought
they might be preferentially choosing these species as nest trees. Our data did
not support this prediction, however, because these trees heavily dominated
both Fox Ridge (53% of tree species in plots) and Lakeview Park (90% of tree
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species in plots). No difference was detected between number of tree species
selected and the expected number of tree species to be selected at random.

Gnatcatchers as an edge tolerant species

Forested areas of Illinois, such as our study sites, have been dramatically
reduced due to fragmentation. However, 85% of the gnatcatcher nests we
monitored nested less than 50 m from a habitat edge. Although overall nest
success was low (only 8.5%), pair success was four times higher (35%). This
may indicate that the gnatcatchers in this area are capable of at least replacing
themselves if they are able to reproduce (on average) in three breeding seasons.
Although little is known about adult survivorship patterns, Klimkiewicz et al.
(1983) documented an individual which was 4 years and 2 months old when last
encountered. Perhaps, individuals such as this one are capable of surviving 2-3
breeding seasons which would lead to the population increase and range
expansion documented for Blue-gray Gnatcatchers and unlike so many other
Neotropical migrant populations. Unfortunately, there is little data concerning
annual and lifetime reproductive success of this species. Regardless,
gnatcatchers seem to consistently nest near habitat edges at our study sites and
have behavioral mechanisms (nest abandonment and persistent re-nesting)
which reduce the effects of parasitism and predation, enabling them to nest near
edges and still be successful. This suggests that Blue-gray Gnatcatchers may
be an edge-tolerant species.
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38 (67%)
0.93
15.8

I
I

I

No. nests faileda

No. gnatcatchers
fledged/nestb

Nest success (%)c

2.2

0.24

37 (90%)

41

Re-nests

c Nest success was estimated using Mayfield method (Mayfield 1961, 1975).
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b Number of gnatcatchers fledged/nest was significantly higher for first nests than for re-nests (Mann-Whitney-U-test, P=0.011 ).

a Number of nests which failed did not differ between first and re-nesting attempts (x2=1.17, df=1, P=0.190).

57

I

No. active nests

First nests

Gnatcatcher Nests

8.5

0.64

75

98

All nests

Table 1. Nest success for all first and re-nests of Blue-gray Gnatcatchers in Coles County, Illinois, 1995-1997.

15 (94%)
19

1 (6%)
17

36

31

a Only nests which were looked in and contents were known were used in this analysis. The difference between the proportion of parasitized nests which
were abandoned and unparasitized nests which were abandoned was significant (Fisher's exact test, P<0.001).

Total

16

20

4 (20%)

16 (80%)

Parasitized

Unparasitized

All nestsa

Not abandoned

Abandoned

Nest type

Table 2. Frequency of nest abandonment for parasitized and unparasitized nests of Blue-gray Gnatcatchers in Coles
County, Illinois, 1995-1997.

9 (33%)
1 (11 %)
10 (28%)

5 (19%)
0 (0%)

5 (14%)

12 (44%)
8 (89%)

20 (56%)

First nests

Re-nests

All nests

1 (2%)

0 (0%)

1 (4%)

Otherd

36

9

27

Total

32

c Proportion of nests which were depredated or successful did not differ significantly between first and re-nests(Fisher's exact test, P=0.302 and P=0.392
respectively).
d Nest was not completed before dismantled and moved by gnatcatchers. Presumably, no host or cowbird eggs were present.

b Parasitism was significantly higher in re-nests than in first nests (Fisher's exact test, P=0.026).

a Only nests which were looked in and contents were known were used in the analysis.

Successfulc

Depredatedc

Parasitizedb

Nest type

Number of gnatcatcher nestsa

Table 3. The frequency of parasitism and predation for first and re-nesting attempts of Blue-gray Gnatcatchers in
Coles County, Illinois, 1995-1997.

4.4

63.4

0

3.2

9

14

First nests

42.9

0

3.0

1

2

Re-nests

Unparasitized Nests

24.0

4

3.2

10

36

All nestsa

c Nest success was estimated using Mayfield method (Mayfield 1961, 1975).
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b Differences between number of gnatcatchers fledged in parasitized and unparasitized nests were significant (Mann-Whitney U-test, P=0.001).

a Only nests which were looked in and contents were known were used in the analysis.

3.1

I

Nest success (%)c

1

0

0

Ave. no. gnatcatchers
fledged/successful nestb
3

0

0

No pairs that fledged gnatcatchers

I

8

12

No. active nests

No. nests that fledged cowbirds

Re-nests

First nests

Parasitized Nests

Table 4. Nest success in parasitized and unparasitized nests of first and re-nesting attempts of 36 nests of Blue-gray
Gnatcatchers in Coles County, Illinois, 1995-1997.

4.6
4.7
11.3
10.5
16.2
1.4
2.1
2.1

15.1
20.0
29.0
90.0
49.2
3.1
3.8
2.7

Nest height (m)a

Tree height (m)

DBH (cm)

Percent canopy cover

Percent ground cover

Leaf density (1-5)a

Shrub density (no.ind./0.005 ha)

Tree density (no.ind./0.005 ha)

22.9
58.1

I
I

Distance from edge (m) 3

Basal area (cm 2/0.005 ha)

a One-tailed t-tests were performed.

5.0

I

Distance from trunk (mt

30.8

29.8

2.2

SD

Variable

Mean

I

Successful Nests

34

42.3

6.7

2.3

30.4

13.4

1.7

2.0

4.9

4.9
2.5

1.5

28.6

15.1

2.8

58.4

80.3

12.5

6.3

16.5
26.1

5.2

SD

9.7

Mean

Unsuccessful Nests

1.110

1.688

3.278

0.150

0.736

0.462

0.749

1.459

0.501

1.234

2.264

t

0.278

0.047

0.002

0.882

0.474

0.324

0.462

0.158

0.621

0.229

0.016

p

Table 5. T-tests comparing differences between habitat characteristics of successful and unsuccessful nests of Bluegray Gnatcatchers at Fox Ridge State Park and Lakeview Park, Coles County, Illinois, 1995-1997.

a One-tailed t-tests were performed.

43.9

I

Basal area (cm 2 /0.005 ha)

1.7

2.1

Tree density (no.ind./0.005 ha)

29.1

5.4

5.5

Shrub density (no.ind./0.005 ha)

I

1.5

2.8

Leaf density (1-5)a

Distance from habitat edge (m)a

29.2

60.3

Percent ground cover

33.8

47.6

1.7

16.0

79.7

Percent canopy cover

2.4

11.9

27.9

DBH (cm)

I

5.4

17.6

Tree height (m)

Distance from trunk (m)a

5.4

10.0

I

Nest height (m)a

Variable

Parasitized Nests
(n=15)
Mean
SD

35

Nests

49.4

11.3

3.7

3.2

3.4

2.9

50.0

87.0

25.3

17.0

12.6

26.4

13.2

2.6

2.2

2.0

1.5

20.7

11.6

12.8

7.2

5.5

(n=10)
Mean
SD

Un~arasitized

0.435

1.224

1.560

1.356

1.399

0.165

0.966

1.246

0.526

0.262

1.184

t

0.667

0.880

0.066

0.188

0.178

0.435

0.344

0.225

0.604

0.796

0.125

p

Table 6. T-tests comparing differences between habitat characteristics of parasitized and unparasitized nests of Bluegray Gnatcatchers at Fox Ridge State Park and Lakeview Park, Coles County, Illinois, 1995-1997.

a One-tailed t-tests were performed.

34.8

2.3

Tree density (no.ind./0.005 ha)

I 48.8

2.2

2.3

Shrub density (no.ind./0.005 ha)

Basal area (cm 2/0.005 ha)

3.2

5.8

5.0

Leaf density (1-5)a

34.2

2.4

1.3

2.6

Percent ground cover

121.3

3.1

23.7

52.3

Percent canopy cover

Distance from edge (m)a

53.0

21.6

78.3

DBH (cm)

12.9

30.0

11.0

26.4

Tree height (m)

Distance from trunk (m)a

19.0

5.3

16.9

Nest height (m)a

36

51.8

42.7

4.6

78.9

13.1

5.3

10.5

Variable

35.7

72.6

2.0

2.0

4.2

1.8

35.9

21.3

11.4

5.8

5.3

Attempt #2
(n=24)
Mean
SD

Attempt #1
(n=24)
Mean
SD

0.354

1.210

0.303

0.343

0.266

0.975

0.093

0.113

1.195

1.472

1.687

t

0.727

0.118

0.382

0.735

0.793

0.170

0.927

0.497

0.244

0.155

0.052

p

Table 7. Paired t-test comparing differences between habitat characteristics for first and re-nesting attempts of Bluegray Gnatcatchers at Fox Ridge State Park and Lakeview Park, Coles County, Illinois, 1995-1997.

14
8
7

Jug/ans nigra
Liquidambar styracif/ua
Fraxinus americana
Carya glabra

Black Walnut

Sweet Gum

White Ash

Pignut Hickory

American Elm
2
1
1
1
1
1
1
1

Ostrya virginiana
Populus deltoides
Diospyros virginiana
Quercus falcata
Quercus mueh/enbergii
Gleditsia triacanthos
Cercis canadensis
Camus florida

Cottonwood

Persimmon

Red Oak

Chinkapin Oak

Honey Locust

Redbud

Flowering Dogwood

0.012
0.012

0.018

0.012

0.012

0.012

1.6

3.2

14.1

20.2

27.4

34.8

76.6

0.012
0.012

14.1
0.023

0.018

0.018

0.018

0.018

0.018

0.018

0.035

152.9
0.034

Ironwood

0.053

3

Quercus velutina

Black Oak

74.4

0.070

4

U/mus americana

192.7

199.3

194.8

416.0

1110.6
522.6

Basal Area
(cm 2/0.005 ha)

0.045

0.068

0.105

6

0.091

0.159

0.227
0.193

Relative
Frequency

0.080

0.140

0.246

0.351
0.298

Frequency

0.123

37

20
17

No. of plots where
spp. occurs

Quercus alba
Acer saccharum

I Scientific Name

White Oak
Sugar Maple

Common Name

Table 8. Measurements of dominant tree species found on habitat plots at Fox Ridge State Park, Coles County, Illinois
during 1995 and 1996.

Fraxinus americana
Carya glabra

White Ash

Pignut Hickory
American Elm
Chinkapin Oak
Flowering Dogwood

Basswood
Ohio Buckeye

Sassafras albidum

Sassafras

Aesculus glabra

Tilia americana

Comus florida

Quercus muehlenbergii

Ulmus americana

Quercus alba
Acer saccharum

I Scientific Name

White Oak
Sugar Maple

Common Name

0.720
0.360
0.080
0.040
0.040
0.040
0.040
0.040
0.040
0.040

18
9
2
1
1
1
1
1
1
1

38

Frequency

No. of plots where
spp. occurs

0.500
0.250
0.056
0.028
0.028
0.028
0.028
0.028
0.028
0.028

Relative
Frequency

1107.1
159.2
6.1
58.2
34.1
26.6
7.2
7.2
6.1
1.8

Basal Area
(cm 2/0.005 ha)

Table 9. Measurements of dominant tree species found on habitat plots at Lakeview Park, Coles County, Illinois during
1995 and 1996.

1
0
0
1
0

4
2
2
1
2
1
1
57

Fraxinus americana
Carya glabra
G/editsia triacanthos
Quercus muehlenbergii
Quercus velutina

I Diospyros virginiana
I Ostrya virginiana
I

White Ash

Pignut Hickory

Honey Locust

Chinkapin Oak

Black Oak

Persimmon

Ironwood

Total

82

1

1

2

2

2

2

5

8

12

13

34

Observed number
of nestsTotal

39

a Differences between the observed number of nest tree species selected and expected number selected based on basal area were not significant at Fox Ridge
x2 =9.49, df=5, P=0.091) or Lakeview (x2 =1.02, df=1, P=0.311).

25

0

0

0

8

I Liquidambar styraciflua

0

12

Jug/ans nigra

Black Walnut

Sweet Gum

4

9

19

15

Observed number
of nestsLakeviewa

Acer saccharum

I Quercus alba

White Oak

Observed number
of nestsFox Ridgea

Sugar Maple

I Scientific Name

Common Name

Table 10. Nest trees used by Blue-gray Gnatcatchers at Fox Ridge State Park and Lakeview Park in Coles County,
Illinois, 1995-1996.
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Figure 1. Daily mortality for all nests from 1995-1997. Daily mortality for egg-laying was significantly higher than all other
stages (P<0.045).
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Figure 2. Daily mortality rates for parasitized and unparasitized nests. Daily mortality was significantly higher for the egglaying stage and early incubation stages in parasitized compared to unparasitized nests (P<0.05).

